Introduction
The Great Cormorant, Phalacrocorax carbo sinensis (Blumenbach 1798) , is an abundant piscivorous top predator that forages on a wide range of fish species (Johnsgard 1993; Lindell 1997; Carss 2003) . This species may be considered an opportunistic predator (Leopold et al. 1998 ) that forages in freshwater habitats (Bearhop et al. 1999) , estuaries (Vetemaa et al. 2010) and coastal marine areas (Grémillet et al. 2004) . The Great Cormorant nests in the northern areas of the Western Palearctic, and performs short migrations to reach the wintering areas.
The species had become nearly extinct due to persecution in the 19 th and the first half of the 20 th century (Van Eerden and Gregersen 1995) . Following its near extinction, protection measures were established in the northern regions of Europe (EEC 1979; EC 1997) . As a consequence, cormorant numbers and the species range of distribution have expanded greatly in recent years (Van Eerden and Gregersen 1995; Lindell et al. 1995) . This is the case in the Silesia region in Poland where the Great Cormorant established a breeding colony in early 1990s (Profus et al. 2002) .
Diet studies are important to understand the different food composition in seasonal changes in different areas and periods (Čech et al. 2008; Liordos and Goutner 2008) . Cormorant diet composition has been attributed to changed selectivity of fish prey (Keller 1995; Lehikoinen 2005; Čech et al. 2008; Gwiazda and Amirowicz 2010) and/or to changed fish behaviour and movements (Keller 1995; Gwiazda and Amirowicz 2010) .
The most important factor of a predator's food choice is relative prey availability (Hartman and Margraf 1992) . Generally, cormorants forage on the most numerous species in the fish community and their diet reflects fish availability (Engström and Jonsson 2003; Stempniewicz et al. 2003; Gwiazda and Amirowicz 2010) . The number of fish depends on food con-ditions and reproduction success that can change considerably between seasons. In this situation cormorants' diet can change in the same water bodies (Dirksen et al. 1995; Engström and Jonsson 2003; Stempniewicz et al. 2003; Mous et al. 2003 ) and the species is able to cover great distances in order to exploit fishing areas far from the reproduction sites (Cramp and Simmons 1977) .
The prey of cormorants can also vary during the breeding season (Hobson et al. 1989 ). Chicks of different age require different fish (size and digestibility) (Platteeuw et al. 1995) . The demographic pattern of the winter distribution of the cormorant shows that adult males stay closest to the breeding grounds whereas juvenile immature females migrate furthest to the south (Van Eerden and Munsterman 1995) . Cormorants wintering <300 km from the colony arrived on average 2-3 weeks in advance of those wintering >300 km from the colony. Mean fledgling production per individual (3-4 chicks per nest) did not decrease with increasing distance to the wintering area (Wojczulanis-Jakubas et al. 2013) . However, lifetime reproductive success of males wintering 301-900 km from the colony is lower (Bregnballe et al. 2006) . The birds of better condition can arrive at the colony site earlier than birds of lower condition, and occupy a habitat in the central part of colony. Birds that arrive later in the season settle outside the central part of the colony.
The aim of this study was to determine differences in fish species and size in the diet of the Great Cormorant between: (i) different seasons (years), (ii) breeding stages (incubation and chick rearing), and (iii) breeding areas (centre vs edge) of the colony.
Study area
The study was carried out on the Dzierżno-Duże Reservoir (50°22'N, 18°34'E) (Fig. 1 ) located on the left bank of the Gliwice channel near Gliwice (Silesia region) in southern Poland. The reservoir is a sand mine excavation, overflowed by the River Kłodnica in 1964. The waters of the Kłodnica were polluted. The area of the reservoir is 615 ha, mean length 5.8 km, mean width -1.0 km, shoreline c. 16 km, mean depth 15.0 m (max. c. 20 m). In general, the littoral zone is narrow because of the relatively steep slopes of the inundated valley. The main functions of the Dzierżno-Duże Reservoir are flood control, improved conditions for water transport, and water self-purification of the River Kłodnica (Rzętała et al. 2013 (Kostecki 2000) . Roach, carp, crucian carp and perch were the dominant species. In the same area water birds comprised ninety three species (Szlama and Profus 2008) . The number of species and flock size of most bird species is lower than in some reservoirs in Poland but some of them were numerous during migration. The maximum number of Mallard Anas platyrhynchos was 9873 ind., Black-headed Gull Chroicocephalus ridibundus -7080 ind., Coot Fulica atra -5265 ind. Tufted Duck Aythya fuligula -3900 ind and Smew Mergus albellus -0 3000 ind. (Szlama and Profus 2008) .
The first breeding colony of the Great Cormorant was established in Dzierżno-Duże Reservoir in 1994.Twenty three nests of the Great Cormorant were counted at this site in 2000 and 106 in 2001 (Profus et al. 2002) , and the greatest flocks were recorded from July to November. The highest number of cormorants within the colony (2000 individuals) was recorded in October 2007 (Szlama and Profus 2008) .
Methods
The diet of the cormorant was studied by examination of pellets in the breeding colony. A total of 147 fresh pellets were collected on 10 May 2003 (n = 46), 15 April 2014 (n = 44) and 6 June 2014 (n = 57). In order to compare the two breeding seasons in the different years (2003 vs 2014) we matched the data of April and June in one data set. In 2014 the pellets were also sampled in two parts of the colony: the Centre (located in the centre of the breeding colony) and the Edge (about 10 metres from the shore). Fish remains were identified based on pharyngeal bones and chewing pads (cyprinids), otoliths (percids), and jaws (pike, pikeperch). They were measured to calculate the total length and body mass of each fish using established relationships (otoliths - Dirksen et al. 1995 , pharyngeal bones -Horoszewicz 1960 , chewing pads -Veldkamp 1995 . If the fish length (body length) was estimated from dimensions of pharyngeal bones the estimate was increased by 15% to approximate the total length. The number of individuals of a species represented in a pellet was approximated by the highest total of any of the identifiable parts present, taking right and left parts separately. The diet composition was assessed by summing weighted averages of numbers of particular prey fish species.
Data collected were analysed both by numerical (Lagardère 1975) and by ponderal analysis (Lauzanne 1982) . Percent frequency of occurrence (%FO), percent number (%N), percent weight (%W) and the vacuity coefficient (%Cv) were calculated in order to describe the diet. According to the %N values, prey items were grouped into three categories (%N > 50 dominant prey; 10 < %N <50 secondary prey; %N <10 accidental prey) (N'Da 1992).
The quantitative importance of each prey group in the diet was also evaluated through the index of relative importance (IRI) (Carrassòn et al. 1997) :
where: %W is the average percent weight, %N is the average percent number and %FO is the percent Frequency of Occurrence.
The percentage IRI value of each prey with respect to the total value (Cortés 1997) , was estimated using the formula:
, where: IRI ij is the absolute IRI value of the prey j in the diet of the species i.
The breadth of the trophic niche was determined by the use of the indexes of Levins (B i ) (Levins 1968): , where: B i is the Levins measure of niche breadth and p ij is the proportion of the prey j in the diet of the species i, and Shannon-Weaver (H') (Shannon and Weaver 1949) :
. The significance of differences in the proportion of selected fish species in cormorant diet in the two years, breeding stages and parts of the colony were determined by the Chi-square test (Yates' correction was used) (Zar 1996) , while the Mann-Whitney test was used to estimate the significance of differences between the prey lengths in cormorant diet between seasons and parts of the colony (Sokal and Rohlf 1987) .
Results

Species composition and fish length in two years
1,413 items were found altogether, 1,363 of which consisted of fish remains. Twelve species were identified in pellets. Overall, Cyprinidae (93.3% of all prey, n = 742) was the most abundant family in the diet, whereas only 6.7% of elements belonged to the Percidae family (Table 1) . The most important prey recorded in 2003 and 2014 was the roach Rutilus rutilus (%N = 60.10; %IRI = 83.20; (%N = 37.88; %IRI = 52.22, respectively), while Perca fluviatilis (%N = 17.10; %IRI = 10.65; (%N = 39.27; %IRI = 30.65, respectively) was the second most important prey item (i.e. secondary prey) ( Table 1) Among the most important prey in the feeding habits of the cormorant diet, the average total length (TL) of roach was 15.2 cm (SD ±3.3, n = 116) in 2003 and 14.1 cm (SD ±4.1, n = 207) in 2014. This species ranged in size from 4.7 cm to 30.5 cm. Average total length of perch was 12.9 cm (SD ±4.2, n = 33) in 2003 and 11.9 cm (SD ±3.4, n = 215) in 2014. The range of the total length of this species was between 5.4 and 21.5 cm. The differences between fish length in the cormorant's diet in the two years were statistically significant (MannWhitney U test, U = 0.028, p <0.05). The biggest prey ingested by Great Cormorants was represented by a roach with a total length of 32.9 cm.
In terms of biomass (g) of fish consumed, roach (R. rutilus) represented 60.1% and 44.7% of total fish biomass in 2003 in 2014 respectively, while perch (P. fluviatilis) represented 17.1% (2003) and 18.5% (2014) ( Table 1) .
Species composition and fish length in two breeding stages
On the whole, 553 individuals, belonging to nine species, were identified. Perch and Ruffe were the most abundant prey within the Percidae family. There was no dominant prey item in the diet (abundance index (%N) was lower than 50% for all prey items). Indeed, Perch (%N = 43.05; %IRI = 37.75; %N = 35.49; %IRI = 23.55, respectively) and Roach (%N = 36.51; %IRI = 53.43; %N = 39.25; %IRI = 51.02, respectively) were considered as secondary prey (Table 2 ). The other fish species have been identified as accidental prey (%N <10). Analysis of the pellets showed that the average number of fish found in one pellet was 6.6 (SD ±5.1, n = 169, range: 1-25) in April and 5.8 (SD ±4.2, n = 174, range: 1-34) in June 2014. Significant differences were found in the consumption of fish preyed on in the cormorant diet in April and June (χ2 = 20.67, df = 8, p = 0.008).
The feeding habits showed a different range in total length (TL) among the most abundant prey. Average length of roach and perch was 14.1 cm (SD ±5.3, n = 129) and 11.1 cm (SD ±3.2, n = 206) in April, respectively. These values was 12.9 cm (SD ±4.3 n = 123) and 9.5 cm (SD ±2.1, n = 208) for both species in June. Perch showed a size ranging between 4.7-21.5 cm and roach from 3.7 to 32.9 cm. Significant differences in fish length preyed on in the two breeding stages were found (Mann-Whitney U test, U = 0.009, p <0.05).
In both breeding stages the total biomass of prey was mostly represented by R. rutilus (45.31% and 44.10% for April and June respectively) and P. fluviatilis (15.69% and 20.28% for April and June respectively) ( Table 2) .
Species composition and fish length in two parts of the colony
Analysing 421 items, it was possible to identify a total of 293 individuals, belonging to nine species. Among these species in both locations roach R. rutilus represented the most important prey (%N = 29.61; %IRI = 48.72; %N = 54.39; %IRI = 66.22, respectively), whileperch P. fluviatilis and common carp C. carpio were considered as secondary prey (Table 3) . Conversely, ruffe G. cernuus was found exclusively in the samples collected from the edge of the colony (%N = 12.29). The other fish species were considered as accidental prey (%N <10) ( Table 3) .
The average number of fish per pellet was 6.3 (SD ±4.2, n = 179) at the edge and 4.9 (SD ±5.3, n = 114) in the centre of the colony. Significant differences between the proportion of fish species preyed on in the cormorant diet between the edge and the centre were found (χ2 = 33.83, df = 8, p <0.0001). Average total length of R. rutilus was 14.9 cm (SD ±5.1, n =58) at the edge and 10.9 cm in the centre of the colony (SD ±5.2, n = 65). For P. fluviatilis, the average total length was 9.3 cm (SD ±1.1, n = 58) at the edge 9.8 cm (SD ±2.3, n = 143) in the centre. No significant differences in fish length between colony parts were found (Mann-Whitney U test, U = 0.166, p <0.05).
In both parts of the colony the analysed roach (R. rutilus) showed biomass (g) values greater than 50%, while perch (P. fluviatilis) reached lower values (Table 3) .
Discussion
The breeding colony of cormorants was established in 1994 in the Dzierżno-Duże Reservoir (southern Poland). Twenty three nests were counted in 2000 and 106 in 2001 (Profus et al. 2002) . The peak number of cormorants (2000 ind.) was recorded in October 2007 (Szlama and Profus 2008) .
In this reservoir the diet of the Great Cormorant was investigated through the analysis of the pellets, produced once per day, usually during the hours of rest (Cherubini and Mantovani 1997) , which contain the remains of fish consumed (Veldkamp 1995) .
The narrow niche breadth (B i ) was linked to the abundance and the behaviour of the main fish species present in the reservoir. The trophic spectrum was dominated almost exclusively by freshwater fish species, particularly those belonging to the Cyprinidae family, such as R. rutilus, C. carpio, and P. fluviatilis and G. cernuus belonging to the Percidae family, as also stated in previous works carried out in the freshwater bodies of the southern Poland (Kostecki 2000) . Moreover, among the other fish species preyed on by the cormorants, crucian carp C. carassius, rudd S. erythrophthalmus and nase Chondrostoma nasus were considered as prey of minor importance.
The study showed how the Great Cormorant is an opportunistic, fish preying species. The diet was composed almost exclusively of a relatively limited number of species (stenophagous). It can generally be stated that it reflects the composition of the ichthyological communities inhabiting the Dzierżno-Duże Reservoir. The high abundance of species, such as those belonging to the Cyprinidae and Percidae families, combined with their typical gregarious behaviour (travelling in schools), could increase the predatory success of the cormorants, which furthermore, developed a social feeding strategy (Hughes et al. 1999) . The large fish schools could also be more easily identified by the birds during flight (Wittenberger and Hunt 1985) , which would be followed by other individuals to the feeding areas (Burger 1997) .
Species composition and fish size in the cormorant diet differed between the studied years. This can probably be explained by changes in fish species and age structure in the fish community. Great differences in fish community structure and cormorant diet between years were found in Lake Ymsen (Sweden) (Engström and Jonsson 2003) and in Mistras lagoon (CentralWestern Sardinia (Buttu et al. 2013) .
The low values of the Levin (B i ) and Shannon (H') indexes showed a limited trophic spectrum in the diet. The feeding habits were effectively composed almost exclusively of Osteichthyes. Differences were also recorded during the breeding stages reflecting the requirements of chicks. During a breeding season younger chicks require smaller rather than larger and older fish. Smaller chicks that are mainly distributed in the centre of the colony prefer smaller fish that are easier to digest.
The main prey in the diet varied during different chick rearing periods in the colony found in Ramsat (Iran) (Bararti 2013) .The biomass of the prey varied seasonally as a result of chick growth and increasing food requirements during the study period (Bararti 2013) . Early arrival at the breeding sites can be advantageous and should favour wintering at sites as close as possible to the breeding grounds (Van Eerden and Munsterman 1995) . We found no differences in fish size between different parts of the colony (centre and edge). Reproduction success per individual in the Vorso colony (Denmark) did not decrease with increasing distance to the wintering area (Bregnballe et al. 2006) .
Our results revealed great differences in the diet (fish species and size) of the Great Cormorant between years, breeding stages and parts of colony. These results indicate that the impact of a cormorant colony on fish assemblages is not always the same and depends of a variety of factors besides fish availability.
